Abstract: This study depends on KIC 9641031 eclipsing binary system with a chromospherically active component. There are three type variations, such as geometrical variations due to eclipses, sinusoidal variations due to the rotational modulations and also flares, in the light curves obtained with the data taken from the Kepler Mission Database. Taking into account results obtained from KIC 9641031s observations in the Kepler Mission Database, we present and discuss the details of chromospheric activity. The sinusoidal light variations due to rotational modulation and the flare events were modelled separately. 92 different data subsets separated using the analytic models described in the literature were modelled separately to obtain the cool spot configuration. It is seen that just one component of the system is chromospherically active star. On this component, there are two active regions separated by about 180
Introduction
The flare stars as known UV Ceti are generally young dwarf stars from the spectral types G, K and M with emission lines in their spectra, such as dMe, which are just coming to the main sequence. As it was indicated by Mirzoyan (1990) and Pigatto (1990) , the population rate of the dwarf stars having flare phenomenon is generally high in both the open clusters and the associations. As it is expected due to the Skumanich's law, the population rate of the stars showing flare activity has a reducing trend, while the age of the cluster gets older (Skumanich 1972; Pettersen 1991; Stauffer 1991; Marcy & Chen 1992) .
Strengthening stellar chromospheric activity with increasing the rotation velocity causes much more mass loss from the star. It is known that the stellar mass loss rate of V Ceti type stars is about 10 −10 M⊙ per year due to flare like events, while the solar mass loss rate is about 2 × 10 −14 M⊙ per year (Gershberg 2005) . In the case of UV Ceti type flare stars, this high mass loss rate clarifies how they lose large part of their angular momentum in their main sequence stages (Marcy & Chen 1992) . However, the flare activity mechanism resulting high level mass loss has not been completely explained by any theory yet.
Flare events observed on UV Ceti type stars are generally explained with the classical theory of the solar flare. The highest energy detected from the most powerful flares, known as two-ribbon flares, occurring on the sun is found to be 10 30 -10 31 erg (Gershberg 2005; Benz 2008 ). This level is also observed for RS CVn type active binaries (Haisch et al. 1991) . However, in the case of dMe stars, this flare energy level varies from 10 28 erg to 10 34 erg (Gershberg 2005) . Moreover, some stars of the young clusters such as the Pleiades cluster and the Orion association exhibit some powerful flare events, which energies reach 10 36 erg (Gershberg & Shakhovskaya 1983) . In brief, the stars from different type exhibit some flares with different energy levels. Comparing the sun with a dMe stars, it is seen that there are some remarkable difference between both their flare energy levels and mass loss rate per year. Nevertheless, the flare events occurring on a dMe star are generally tried to explain by the classical theory of solar flare. Therefore, the primary energy source in the flare events is magnetic reconnection processes in the principle (Hudson & Khan 1997; Gershberg 2005) . To reach the real situation, examining the flare events occurring on the different type stars, all the differences and similarities should be demonstrated. Then, it should be identified which parameters such as singularity, binarity, mass, age, ect., cause these differences and similarities. ponents some decades later. However, there is no detailed study about its chromospheric activity nature or any comparison with the other chromospherically active stars about the similarities or differences between them.
In this study based on the Kepler Mission shortcadence light curves, to understand the magnetic activity nature of the system, we analysed and modelled KIC 9641031's light variations due to the stellar cool spots and the flare events occurring on the components as the chromospheric activity indicators. Then, comparing with the results obtained from other stars, our results were discussed for both the cool spots and the flares.
Data and Analyses
More than 150.000 targets have been observed in the Kepler Mission, which is aimed to find out exo-planet (Borucki et al. 2010; Koch et al. 2010; Caldwell et al. 2010 ). The observations in this Mission have the highest quality and sensitivity ever reached in the photometry (Jenkins et al. 2010a,b) . In this case, lots of variable targets such as new eclipsing binaries, etc. have been also discovered apart from the exo-planets (Slawson et al. 2011; Matijevič et al. 2012 ). Many targets among these newly discoveries are single or double stars exhibiting chromospheric activity. Some of the double stars are the eclipsing binaries (Balona 2015) .
The photometric data of KIC 9641031 were taken from the Kepler Mission Database. All the light curves obtained from these data are together with error bars shown in Figure 1 . The error of each point is 0.00008 mag or smaller. Instead of long-cadence light curves, the short-cadence data were used in the analyses and models (Slawson et al. 2011; Matijevič et al. 2012) . In order to analysis the cool spots, the flare events and the orbital period variation (O-C), the data were arranged as the suitable formats.
Flare Activity and the OPEA Model
To determine the light variations just due to the flare events, in the first step, all the light variations except the flares were removed from the general light variation. For this purpose, the data of all the primary minima observations between the phases of 0.96-0.04 and all the secondary minima observations between 0.46 and 0.54 in phase were removed from the general light curve data. By the way, all the deviated observations with large error due to the technical problems were also removed from the data sets. And thus, the pre-whitened light curves were obtained.
In the second step, to determine the basic flare parameters such as the first point of the flare beginning, the last point of the flare end and the flare energy, the quiescent levels for each flare should be derived from the residual data of the pre-whitened light curves. However, it was seen that there is a sinusoidal variation due to rotational modulation variation because of the cool spots occurring on the components. Therefore, considering the pre-whitened light curve just out-of-flare, the light variations seen due to rotational modulation were modelled with the Fourier transform, using the least-squares method. Thus, these synthetic models lead us to definite the quiescent levels for each flare at the same time of that flare. Using these synthetic models as the quiescent levels, the parameters of the flares were computed. Two flare light curves taken from the observation data and the quiescent levels derived for these flares are shown in Figures 2 and 3 .
Using the synthetic models derived for the quiescent levels, flare rise times (Tr), decay times (T d ), amplitudes of flare maxima, flare equivalent durations (P ) were computed, after defining both the flare beginning and the end for each flare. In total, 240 flares were detected from the available data in the Kepler Mission Database. All the computed parameters are listed in Table 1 for these 240 flares. In the table, flare maximum times, equivalent durations, rise times, decay times and amplitudes of flare maxima are listed from the first column to the last, respectively.
The equivalent durations of the flares were computed using Equation (1) taken from Gershberg et al. (1972) :
where I0 is the flux of the star in the observing band while in the quiet state. I0 was computed using the models derived with the Fourier transform. I f lare is the intensity observed at the moment of flare. Finally, P is the flare-equivalent duration in the observing band. In this study, the flare energies were not computed to be used in the following analyses due to the reasons described in detail by Dal & Evren (2010 , 2011 . Before computing the flare-equivalent duration, comparing synthetic models of the quiescent levels with the observations, the times of flare beginning, end and also maximum were defined, and then computing time differences of these points, the flare rise and decay times were calculated. Examining the relationships of the flare parameters among each other, it is seen that the distributions of flare equivalent durations on the logarithmic scale versus the flare total durations are varying according to a rule. The distributions of flare equivalent durations on the logarithmic scale can not be higher than a specific value for the star, and it is no matter how long the flare total duration is. Using the SPSS V17.0 (Green et al. 1999) and GrahpPad Prism V5.02 (Dawson & Trapp 2004) programs, Dal & Evren (2010 , 2011 indicated that the best function is the OPEA Model to fit the distributions of flare equivalent durations on the logarithmic scale versus flare total durations. The OPEA function has a P lateau term, and this makes it a special function in the analyses. The OPEA function is defined by Equation (2):
where the parameter y is the flare equivalent duration on a logarithmic scale, the parameter x is the flare total duration, according to the definition of Dal & Evren (2010) , and the parameter y0 is the flare-equivalent duration in on a logarithmic scale for the least total duration. In other words, the parameter y0 is the least equivalent duration occurring in a flare for a star. Here is an important point that the parameter y0 does not depends on only flare mechanism occurring on the star, but also depends on the sensitivity of the optical system used for the observations. The parameter P lateau value is upper limit for the flare equivalent duration on the logarithmic scale. Dal & Evren (2011) defined P lateau value as a saturation level for a star in the observing band. Using the least-squares method, the OPEA model was derived for the distributions of flare equivalent durations on the logarithmic scale versus the flare total durations. The derived model is shown in Figure 4 together with the observed flare equivalent durations, while the parameters computed from the model are listed in Table 2 . The span value listed in the table is difference between P lateau and y0 values. The half − lif e value is half of the first x value, at which the model reaches the P lateau value. In other words, it is half of the minimum flare total time, which is enough to the maximum flare energy occurring in the flare mechanism.
It was tested by using three different methods, such as the D'Agostino-Pearson normality test, the Shapiro-Wilk normality test and also the KolmogorovSmirnov test, given by D' Agostino & Stephens (1986) to understand whether there are any other functions to fit the distributions of flare equivalent durations on the logarithmic scale versus the flare total durations. In these tests, the probability value called as p − value was found to be p − value < 0.001. This means that there is no other function to model the distributions of flare equivalent durations (Motulsky 2007; Spanier & Oldham 1987) .
KIC 9641031 was observed as long as 576.47474 days from JD 2454964.50251 to JD 2456424.01145 without any remarkable interruptions. In total, significant 240 flares were detected in these observations. The total flare equivalent duration computed from all the flares was found to be 556.81321 s (0.15467 hours). Ishida et al. (1991) described two frequencies for the stellar flare activity. These frequencies are defined as given by Equations (3) and (4):
where Σn f is the total flare number detected in the observations, and ΣTt is the total observing duration, while ΣP is the total equivalent duration obtained from all the flares. In this study, N1 frequency was found to be 0.41632 h −1 , while N2 frequency was found to be 0.00027.
Rotational Modulation and Stellar Spot Activity
The light curves of the system indicate the existence of the sinusoidal variations out-of-eclipses. Considering the temperatures of the components, the sinusoidal variations are more likely caused by rotational modulation due to the cool stellar spots. As it is clearly seen from the temperature ranges given in the literature for the components, both the primary and secondary components are potential candidates to exhibit the chromospheric activity. In this study, we assumed that the secondary component is a chromospherically active star. To demonstrate just the sinusoidal variations, both all the minima due to the eclipses of the components and all the flare as seen sudden -rapid increasing in the light were removed from general light curves, thus the remaining light curves were obtained, which is hereafter called as the pre-whitened light curves. Comparing the variations seen in the pre-whitened light curves cycle by cycle according to the orbital period of the system, it was seen that both the phases and levels of maxima and minima are rapidly changing from one cycle to the next. The situation is clearly an indicator for the rapid evolution of the magnetically active regions on the components. In this case, all the pre-whitened light curves can not be modelled as just one data set, because of this, the data set of whole pre-whitened light curves were separated to sub-data sets. In this process, the consecutive cycle data, which have almost the same phase distributions and brightness levels, were arranged as one sub-data set. Thus, all the available data were arranged as 92 sub-data sets and each sub-data set was individually modelled. To find out the parameters of spot distribution on the stellar surface such as the spot radius, latitude and especially longitude, we modelled the sub-data sets under some assumptions using the SPOTMODEL program (Ribárik 2002 (Ribárik , et al. 2003 . In this program, the analytic models of Budding (1977) were used to model the sinusoidal variations out-of-eclipses. The program needs two-band observations or spot temperature factor (kw = [Tspot/T surf ace ]
2 ) parameter. However, the available data in the Kepler Mission Database contain only monochromatic observations. Therefore, considering the clues of the spot activity for this system stated firstly by Botsula (1978) and also the results obtained from the light curve analyses of its analogue systems (Clausen et al. 2001; Thomas & Weiss 2008) , it was assumed that the secondary component exhibits chromospheric activity.
Bi sin(iθ) (5) Considering the coefficients Ai and Bi, the dominant term is cos(iθ) for the first (i = 1) and second (i = 2) orders in the analysis with the Fourier transform described by Equation (5). According to Hall (1990) , the cos(iθ) term is an indicator for the spotted areas on the surface of a star. In this case, the previous analyses with the Fourier transform indicate that there are two active regions on the active component. Considering the results of the analogue systems, it was assumed that the spot temperature factors are in the range of kw = 0.70 − 0.95 for these cool spots. The initial models by changing the factors from 0.70 to 0.95 reveal that the best solutions are obtained if the spot temperature factor is taken as kw = 0.75 for the primary spot (Spot 1), while it is taken as kw = 0.85 for the secondary one (Spot 2). Consequently, it was assumed that the spot temperature factors are constant parameters for each sub-data set, and they are taken as kw = 0.75 for the first spot and kw = 0.85 for the second spot in the each model. Finally, taking the spot temperature factor as a constant, the longitudes (I), latitudes (b) and radii of the spots (g) parameters are taken as the adjustable free parameters in the each model.
Five examples selected from different time intervals among all 92 models derived by SPOTMODEL program are shown in Figure 5 . In the figure, both the model fits and the cool spot distributions on 3D surface are seen side by side for these five selected subdata sets. All the spot parameters derived by SPOT-MODEL program are also listed in Table 3 . In the table, the average Heliocentric Julian Date of the time interval for each sub-data set (HJD), spot latitudes (b), radii of the spots (g) and spot longitudes (l) are listed from the first column to the last, respectively.
The variations of spot latitude (b), spot radius (g) and spot longitude (l) values versus the time are shown in Figure 6 . In this point, it must be noted that if it was assumed that chromospherically active star is not the secondary component, but the primary one, there would be no distinctive changes in the values of spot latitudes (b), radii of the spots (g) and spot longitudes (l). This is because the surface temperatures of the both components are so close to the each other.
Orbital Period Variation
The minima times were computed with a script depending on the method described by Kwee & van Woerden (1956) . Each minimum in the light curves was separately fitted with the high order spline functions. Using these fits, the minima times were computed from the available short cadence detrended data of the system in the Kepler Mission Database (Slawson et al. 2011; Matijevič et al. 2012 ) without any extra correction on these detrended data. For all the minima times, the differences between the observations and the calculations were computed to determine the residuals (O−C)I . Some minima times have very large error, for which the minima light curves were examined. It was seen that there is a flare activity during these minima, then, these minima times were removed from analyses. Finally, 532 minima times were obtained from the observations in the Kepler Mission. Using the regression calculations, a linear correction was applied to the differences, and the (O − C)II residuals were obtained. After the linear correction on (O − C)I , new ephemerides were calculated as following:
The minima times, epoch, minimum type, (O−C)I and (O − C)II residuals are listed in Table 4 , respectively. The error of each minimum time in the table is 0.00001 day or smaller. The (O − C)II residual variations versus time are shown in Figure 7 . As seen from the figure, the (O − C)II residuals exhibit some distorted sinusoidal variations in opposite directions relative to each other. A similar phenomenon has been recently demonstrated for chromospherically active other systems by Tran et al. (2013) and Balaji et al. (2015) .
Results and Discussion
The analyses of data taken from the Kepler Mission Database (Slawson et al. 2011; Matijevič et al. 2012) indicated that KIC 9641031 is a chromospherically active system. However, to reach the certain results about the activity level of the system, it needs to compare the results with its analogues. Considering the temperatures of the components, both components seem to be potential candidates to exhibit the chromospheric activity. However, in this study, we assumed that the secondary component is a chromospherically active star. Using the calibrations given by Tokunaga (2000), we derived B − V color index for the secondary component depending on its temperature generally accepted as 5300 K. According to the calibrations, the B − V color index of a main sequence star with the temperature of 5300 K was found to be 0 m .74. KIC 9641031 was observed as long as 576.47474 hours between JD 2454964.50251 and JD 2456424.01145. We found 240 flares from these observations. Apart from other flare parameters, the flare frequencies were also computed. N1 flare frequency was computed as 0.41632 h −1 , while N2 frequency was found to be 0.00027. Comparing these values with the frequencies found for UV Ceti type flare stars in a wide spectral range, from spectral type dK5e to dM6e, it is clearly seen that the flare energies obtained from KIC 9641031 are remarkably lower than its analogues. In addition, the number of the flare occurring on the star per hour is also remarkably less than its analogues. As it can be seen from the literature, for example, the observed flare number per hour for UV Ceti type single stars was found to be N1 = 1.331 h −1 in the case of AD Leo, while it was found to be N1 = 1.056 h −1 for EV Lac. Moreover, N2 frequency was found to be 0.088 for EQ Peg, while it was found to be N2 = 0.086 for AD Leo (Dal & Evren 2011) . According to these values, the flare frequencies of KIC 9641031 are definitely small. However, it is well known from Dal & Evren (2011) that the flare frequency dramatically changes from one season to the next for some stars, such as V1005 Ori, EV Lac, etc. Because of this, there could be some changes in the flare frequency and flare behaviour of KIC 9641031 in the next observing seasons.
On the other hand, this result obtained from the flare frequencies explained why any flare had not been detected from the system by any ground based telescope before the Kepler Mission. Although the flare frequency N1 indicates that one flare occurs on the star per 2.402 hours, but N2 frequency demonstrates that the energies of these flare are so small that it is very difficult to detect them with the ground based telescopes. Here it should be noted that, the parameters comparing from the literature were derived from the observation obtained in the standard Johnson U band. However, the observation data used in this study is different band.
The P lateau value derived from the OPEA model of the flare equivalent duration distributions on the logarithmic scale versus the flare total durations was found to be 1.232±0.069 for 240 flares of KIC 9641031. According to Dal & Evren (2011) , this value is 3.014 for EV Lac (B − V = 1 m .554) and 2.935 for EQ Peg (B − V = 1 m .574), and also it is 2.637 for V1005 Ori (B − V = 1 m .307). As it is seen that the maximum flare energy detected from KIC 9641031 is almost half of the maximum energy level obtained from UV Ceti type single flare stars. Dal & Evren (2011) found that the P lateau value is always constant for a star, while it is changing from one star to the next depending on their B − V color indexes. The authors defined the P lateau value as the energy saturation level for the flare mechanism occurring on the target star.
The half − lif e value was found to be 2291.7 s. This value is 10 times bigger than those found from UV Ceti type single flare stars. For instance, it was found to be 433.10 s for DO Cep (B − V = 1 m .604), and 334.30 s for EQ Peg, while it is 226.30 s for V1005 Ori (Dal & Evren 2011) . It means that in the case of the stars such as EQ Peg, V1005 Ori and DO Cep, the flares can reach the maximum energy level at their P lateau value, when their total durations reach some 10 minutes, while it needs a few hours for KIC 9641031.
The similar extended durations are seen for the maximum flare rise and total times found from KIC 9641031, whereas these times obtained from UV Ceti type single stars are absolutely shorten than those seen in this system. For example, the maximum flare rise time was found to be 2062 s for V1005 Ori and 1967 s for CR Dra. However, it was found to be 5179 s for KIC 9641031. Similarly, the maximum flare total time was found to be 5236 s for V1005 Ori and 4955 s for CR Dra. In the case of KIC 9641031, it was obtained as 12770.62 s.
As a result, the flare activity level of KIC 9641031 is considerably lower than that seen in the others. However, this is in agreement with the results revealed by Dal & Evren (2011) . The authors demonstrated that the parameters derived from the OPEA model get values depending on the B − V color index of the star. Therefore, according to the general trends found by Dal & Evren (2011) , the parameters of the KIC 9641031's flares are in agreement with the B − V color index of the secondary component. This situation also indicates that the general trends found by Dal & Evren (2011) is an eclipsing binary system, so it is a double star. In this case, it is expected that the tidal interactions between the components make the magnetic activity level increase. However, it is not realized in the case of the flare activity patterns. As seen from the literature, Brown (2010) given the age of the system between 3.05 Gy and 15.25 Gy. According to the relations among the age, rotational period and the magnetic activity level described by Skumanich (1972) , the given ages are too high that it should not be expected any high level magnetic activity on the components. Therefore, in the case of KIC 9641031, it is seen that being a component in a binary system does not affect the chromospheric activity as much as it is expected. Because, according to the semi-major axis (a) of the system, the components are too far away from each other to not affect the chromospheric activity.
On the contrary, it seems that KIC 9641031 has very high level spot activity unlike the flare activity. The variation due to rotational modulation is clearly revealed by the Kepler Mission with the highest quality sensitive observations (Jenkins et al. 2010a,b) .
The distribution of these spots on the surface was modelled by SPOTMODEL program (Ribárik 2002 (Ribárik , et al. 2003 . The analyses of the pre-whitened light curves indicate two cool spots on the one component for all 92 sub-data sets. The derived parameters of both spots, such as latitude (b), radius (g) and longitude (l) values, are listed in Table 3 , while their variations versus time are shown in Figure 6 . The latitudes of the spots are shown in the upper panel of the figure. As it can see, both spots are located between +50
• and +100
• in the latitude until HJD 24 56300. After this time, one of the spots is rapidly migrating to the latitude range from −50
• to −100
• , while the other one is stable in that latitude.
In the model, locating of the stellar spots close to one of the poles solves out a problematic behaviour of the flare activity. If the phase distribution of the detected flares is examined, it is seen that there are the flare activity patterns in each phase interval. Although it is normally expected that large number of the flares should be seen in the phase interval, in which the observers directly see the spotted areas on the surface of the star, but this expectation is not working in this system. However, considering both the orbital inclination of 86
• .3 and the spotted area latitudes close to the pole, it is easy to understand that the active regions on the star are always in front of the observers. This situation explains why the flare patterns are seen in each phase interval.
As it is seen from the middle panel of the Figure 6 , the longitudes of the spotted areas are overlapped and changed their sides between each other around HJD 24 56300, when the spots changed their locations in the latitude range. There are about 180
• longitudinal differences between two spots in the beginning, while the longitudinal differences are decreasing set by set, and finally, two spots changed sides in the longitudinal plane around HJD 24 56300. This is very interesting phenomenon in the astrophysical sense, because the spot with bigger radius is migrating towards the earlier longitudes, while the second spot with smaller radius is migrating towards the later longitudes. The migrations of both spots get more distinctive according to each other after HJD 24 56300. According to Fekel et al. (2002) and Berdyugina (2005) , the behaviour of the spot migration on a star is very important to understand both the rotation of the star and also the dynamo process working its inside.
The variations of the spot radii are seen in the bottom panel of the Figure 6 . As seen from the figure, the radii of both spots sometimes increase and sometimes decrease. However, the remarkable point is that the radii of the spots are synchronously varying in opposite directions relative to each other. The radius of one spot is increasing, on the contrary, the radius of the other one is decreasing in the moment. This phenomenon seems to be a recurrent behaviour.
Like the synchronous longitudinal variations of the spots, the synchronous variations of the spot radii demonstrate that the assumption of "both spots are occurring on the same component" in the model is a right approach for this system. If the spots locate on the different components, it should not be expected any apparent synchronous variations like those.
Using the data obtained in the Kepler Mission, we demonstrated some clear variations with very short amplitudes in short time intervals. For example, the amplitude variations of the sinusoidal variation are lower than a few mmag, while it is clearly seen that this amplitude and light curve shapes are changing from one cycle to the next in short time intervals. However, in the case of observations made by the ground based telescopes, the variations of both the amplitude and the shape of the light curve due to the sinusoidal variations caused by rotational modulation can be perceived in a few months at least or generally from one season to the next (Dal et al. 2012) .
Considering the studies of Tran et al. (2013) and Balaji et al. (2015) , it is expected that the chromospheric activity affects the orbital period of the KIC 9641031. Therefore, all minima times were computed from the short cadence data given in the database. After the linear correction applied to (O − C)I residuals, (O − C)II residuals were obtained. It is seen that the (O − C)II residuals exhibit a variation as expected. The stellar spot activity occurring on the active component leads the (O − C)II residuals of both the primary and secondary minima to vary synchronously, but in opposite directions, due to the effects presented by Tran et al. (2013) and Balaji et al. (2015) . The dominant effect is seen in the (O − C)II residuals of the secondary minima. Moreover, as it is seen in the cases of the spot longitudes and radii, the variation character of the (O − C)II residuals is changed around HJD 24 56300. After this time, there is nearly no separation between (O − C)II residuals of the primary and secondary minima.
In this study, although the secondary component was assumed as chromospherically active component, it is possible that the primary component could be chromospherically active star, too. In this point, considering the parameter variations of the models, it is certain that there are two spotted areas and both of them are located on the same component.
Consequently, these results in the general respect reveal that KIC 9641031 is an active binary, but not active as much as the eclipsing binaries such as UV Ceti, BY Dra or RS CVn type variables, though one of the components exhibits both the flare and the cool spot activities. Because, both the flare energy level and the flare frequency are saliently lower than those obtained from UV Ceti type flare stars from the spectral type dMe (Dal & Evren 2010 , 2011 . In addition, although both the minimum location and the shape of sinusoidal light variations due to the rotational modulation out-of-eclipses seem to be rapidly changing, but the amplitude of the variations is not large as much as that observed from other systems (Dal et al. 2012) . Nonetheless, KIC 9641031 has one chromospherically active component at least.
In the future, the spectral observations of the system should be done to certainly understand which component is an active star. In addition, the system should be observed photometrically with high time resolution to easily detect flares in order to check the flare frequencies, N1 and N2. Some examples selected among all the models of rotation modulations due to cool spots. In the left panels, filled circles show observations arranged as the pre-whitened light curve, while the line represents the synthetic fits derived by the SPOTMODEL. In the right panels, the spot distributions on the active component surface derived by the SPOTMODEL are shown as the 3D form. In the figure, the pre-whitened light curve fit and its 3D model are shown side by side for the same sub-data set. Table 4 : Minima times and (O − C) I and (O − C) II residuals. 
